Since the 1990's, strains of C. michiganensis have been isolated from both sweet pepper (Capsicum annum) and bell pepper (Capsicum frutescens), illustrating the presence of bacterial canker disease in Korea, the USA and the Netherlands (Latin et al., 1995; Lee et al., 1999; Lewis Ivey & Miller, 2000) . These strains have been classified as C. michiganensis subsp. michiganensis; however, Yim et al. (2012) features from C. michiganensis subsp. michiganensis, such as colony color and type, genetic fingerprint, phylogenetic characteristics of the 16S rRNA gene and pathogenicity in both tomato and pepper. Moreover, recently Yasuhara-Bell & Alvarez (2015) also showed very similar results.
To examine the validity of the classification of strains isolated from pepper, 53 pepper isolates from many regions of Korea since 1999 and nine strains isolated from tomato were collected. A region of the 16S rRNA gene was amplified from each isolate using CMR 16F/16R primers (Table S1, available in the online Supplementary Material) (Yim et al., 2012) , and the products were sequenced for phylogenetic analysis. For this analysis, the 16S rRNA sequences of previously reported subspecies of C. michiganensis and also non-pathogenic strains were included. A phylogenetic tree was generated using the MEGA6 program (Tamura et al., 2013) , and bootstrap values at each branch point were based on 1000 replications (Felsenstein, 1985) . Leifsonia xyli subsp. xyli CTCB07 (accession number NC_ 006087) and L. xyli subsp. cydodontis DSM46306 T (accession number CP006734) were used as outgroups. This analysis clearly showed that the strains isolated from pepper were grouped as a separate clade from other subspecies of C. michiganensis, including C. michiganensis subsp. michiganensis (Fig. 1) . Moreover, the strains isolated from pepper were grouped into three major subclades in C. michiganensis. Based on this analysis, strain PF008 T was selected as a representative strain of C. michiganensis strains isolated from pepper because this strain was grouped in the biggest subclade, with 24 out of 53 isolated strains ( Fig. 1 ).
For multi-locus sequence typing (MLST) analysis, sequences of six housekeeping genes (gyrB, recA, rpoB, atpD, dnaK and ppK) of subspecies of C. michiganensis were determined, and sequences of the related bacterial species L. xyli subsp. xyli CTCB07 were retrieved from the Gen-Bank database (Monteiro-Vitorello et al., 2004) (Table S2 ). In addition, to obtain sequences of the same housekeeping genes from PF008 T , its entire genome sequence was completed and annotated based on the sequence of of C. michiganensis subsp. michiganensis strain NCPPB 382 (Bae et al., 2015) . The DNA G+C content of the PF008 T genome was 73.2 %, which is consistent with the characteristics of members of the genus Clavibacter (Schumann et al., 2009) . Based on DNA sequences of strain PF008 T , six housekeeping genes sequences of two more strains, 4873 and PS005 isolated from pepper, were obtained, and also gene sequences of strain PF007 were obtained from the GenBank database (Yasuhara-Bell & Alvarez, 2015) (Table S2) . To obtain the same housekeeping gene sequences of C. michiganensis subsp. michiganensis LMG 7333 T , PCR amplification was conducted using primer sets for each housekeeping gene (Table S1; Jacques et al., 2012) . Total reaction volume was 50 µl [10 µl 5Â buffer, 4 µl dNTP mixture, 0.5 µl PrimeSTAR HS DNA polymerase (TAKARA), 1 µl bacterial genomic DNA, 6 µl primer and 28.5 µl sH 2 O]. PCR products were purified using a Gel purification kit (GeNet Bio) and sequenced. MLST analyses based on either three house-keeping genes 2 . Phylogenetic analysis of strain PF008 T and the eight subspecies of Clavibacter michiganensis based on multi-locus sequence typing with three housekeeping genes, recA, rpoB and gyrB and also 16S rRNA gene (GenBank accession numbers listed in Table S2 ). This analysis was performed using the neighbor-joining method in MEGA6 software. Bootstrap values are represented at branch points based on 1000 replications. The bar indicates sequence divergence.
(recA, rpoB and gyrB) together with 16S rRNA gene (Fig. 2) or six genes (gyrB, recA, rpoB, atpD, dnaK and ppK) together with 16S rRNA gene (Fig. S1 ) showed that PF008 T is different from any of the subspecies of C. michiganensis with validly published names. In addition, the isolates 4823, PS005 and PF007 were classified as representatives of the same taxon as PF008 T .
To determine distinct biochemical and physiological features of PF008 T , diverse biochemical and physiological assays were conducted. For levan production assays, the bacterial strain was incubated at 26 C for 5 days on nutrient agar (Difco, BD), including 5 % sucrose (Dye & Kemp, 1977) . For methyl red reaction assays, a bacterial suspension (10 8 c.f.u. ml À1 ) was added to media; after 5 days, three to Palomo et al. (2006) . †Data from Gonzalez et al. (2014) . ‡Data obtained in this study. four drops of methyl red were added to the culture (Dye & Kemp, 1977) . NaCl tolerance tests were conducted by incubating bacteria at 26 C in King's B liquid medium with 1-10 % NaCl (Dye & Kemp, 1977) . For growth on TTC agar, 1.5 ml of 1 % TTC solution was added to King's B medium, and the culture was incubated at 26 C for 3-5 days. To determine maximum growth temperature, a bacterial suspension (10 8 c.f.u. ml À1 ) was spread on King's B agar medium and incubated at temperatures ranging from 26 to 35±0.25 C for 14 days. To determine carbon utilization and enzyme activities, the API 50CH kit and API ZYM kit (bioM erieux) were used, respectively (Palomo et al., 2006) . King's B medium was used with the API 50CH kit. The same tests were conducted using C. michiganensis subsp. michiganensis strain LMG 7333 T as a control. The results showed that PF008 T displayed different features of colony color (orange), mucoid colony shape, levan production, inability to utilize methyl a-D-glucopyranoside, D-fucose and potassium 5-ketogluconate as carbon sources, increased ability to utilize methyl a-D-mannopyranoside and D-trehalose, lack of naphtol-AS-BI-phosphohydrolase enzyme activity and increased alkaline phosphatase activity and weak a-mannosidase activity relative to those of C. michiganensis subsp. michiganensis (Tables 1 and S3 ).
The fatty acid composition of PF008 T was analyzed using gas chromatography and was compared with that of C. michiganensis subsp. michiganensis strain LMG 7333 T . Results showed that the major fatty acids of the strain PF008 T are anteiso-C 15:0 (12-methyl-tetradecanoic acid), anteiso-C 17:0 (14-methyl-hexadecanoicacid), and iso-C 16:0 (14-methyl-pentadecanoic acid) ( Table 2 ). The cellular fatty acid profile of strain PF008 T was very similar to that of C. michiganensis subsp. michiganensis LMG 7333 T (Table 2) . These results are consistent with features of members of the genus Clavibacter (Schumann et al., 2009 ).
The overall shape of cells of PF008 T was observed using transmission electron microscopy (TEM) and compared with that of C. michiganensis subsp. michiganensis LMG 7333 T . Both bacteria species were incubated on King's B agar medium at 26 C for 3 days, resuspended in sterile water, and stained with 0.1 % uranyl acetate for TEM analysis (LEO 912 AB, Carl Zeiss) (Lee et al., 2013) . Both strains were rod-shaped, similar to other coryneform bacteria (Davis et al., 1984) , and lacked flagella (Fig. S2 ).
As previously reported (Yim et al. 2012) , PF008 T showed different pathogenicity patterns from those of C. michiganensis subsp. michiganensis. PF008 T causes strong stem and leaf blight symptoms in pepper, but causes only weak stem canker without wilting symptoms in tomato (Fig. S3 ). In contrast, C. michiganensis subsp. michiganensis causes strong canker and wilting symptoms in tomato but shows only weak pathogenicity in pepper (Yim et al., 2012) .
Considering the above results, we propose a novel subspecies, C. michiganensis subsp. capsici, causing bacterial canker disease in pepper, with a type strain of PF008 T (=KACC 18448 T =LMG 29047 T ).
Description of Clavibacter michiganensis subsp. capsici subsp. nov.
Clavibacter michiganensis subsp. capsici (cap¢si.ci. N.L. neut. gen n. capsici, referring to Capsicum, the genus name of pepper). The type strain of this novel subspecies is PF008 T (=KACC 184448 T =LMG 29047 T ). The type strain was isolated from pepper showing bacterial canker disease in Anyang, Korea.
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